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ABSTRACT 



Collagen-containing sponges comprising an absorbable 
gelatin sponge, collagen, and an active ingredient are 
disclosed as are methods of enhancing wound healing of 
external and internal wounds using such sponges 

13 Claims, 10 Drawing Sheets 
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than 10% collagen mixed with an acrylic adhesive 
rnTTAGEN-CONl AWING SPONGES AS DRUG Ciowet al, British Pat No. 1 ,347,582 disclosed \*<x0* 
^S^ISmfSoNSFOR PROTEINS genie wound dressing consist** of a freeze dned poly- 

disperse collagen mixture 

BACKGROUND OF THE INVENTION * wound healing composition containing collagen 

The present invention relates to collagen^ntaming 10 coated with fibrinogen ^f^T^l'm^ 
_ ' fQr jmwoved sustained release delivery of thrombin. Leibowch et al. [US Pat. No. 
XXJSicab issued Feb 198 H a ««»Positton for treating 

CoDagen has been used previously as a component in wounds comprising collagen, bioerodible poiymer^nd 
2S w Artandi [US. Pat No tumor necrosis factor. Yannas *?"^ 
3 157M4 issued Nov 17, 1964], disclosed a sponge 15 Mat Res , 14:68-81 (1980)], have reviewed the deagn of 
comprised of acid treated swollen collagen Oluwa- artificial skin, some examples of which contam coUagen. 
3 et al. [/ Trauma 16:348-353 (1976)] disclose a chvapU et a!., At Rev Connect Tissue £*Jj£« 
1 .7 millimeter thick collagen sponge that fe crosshnked (197 3), particularly at pag« 5! » «; and Pacheoceet 
by glutaraldehyde Collins et al. [Surg Forum ^ Med and Dug IncL 9:49- 55 (1987), disclose 
27-551-553 (1976)1 disclosed an acid-swollen collagen 20 various ^ 0 { collagen, including its use as a drug 
soonee that is crosslmked by glutaraldehyde Berg etal debvery vehicle 

IU S Pat No 4,320,201, issued Mai 16, 1982], dis- Most G f the previously utilized collagen containing 
closed a swollen sponge of high collagen purity pro- have been used as substrates or skeletonsfor 

duced by enzymatically degrading animal hides, digest- ^ growth of cells at a wound site and have not been 
ing the mass in alkali or acid, mechanically commmut - 25 ^ for ^ deliver y G f pharmaceutical agents The 
big the mass to produce specified lengths of collagen presem invention provides a much desired improve- 
fibers, and crosslinldng the fibers. Berg et al [U S Pat ment ffl pharmaceutical sponges by providing for a 
No 4,837,285, issued Jun 6, 1989], disclosed porous &miy continuous and sustained release of therapeutic 
beads that have a collagen skeleton of 1 to 30 percent of agents QVer M ^nded period of time 

tt^&ttZSStti" SUMMARY OF THE INVENTION 

enseopy 111:1313-1320 (1984)], Doillon and Silver [Bio- Ihe present mvention relates to a coUagen-oontahmig 

materials 7:3-8 (1986)], and Doillon et al. [Shmatenals comprising an absorbable gelatin sponge, cofla- 

8:195-200 (1987)], disclosed the growth of cellsmcolla- ^ ^ active fagre dicnt Preferably, the absorb- 

gensponges with pore sizes of from about 60 to 250 p,m. 35 aWe gektin sponge is a crosslmked gelatin. 

Some of the sponges also contained hyaluronic acid ^ther aspect of the present invention relates to a 

and/or fibronectm. collagen containing sponge further comprising one or 

In addition, collagen has been used as a component in mQre Qf & plastici2eii a stabilizing agent, a drying en- 
salves [PCT Patent Application WO 86/03122, pub- ^ Preferably, the plasticizer is selected 
hshed Jun. 5, 1986].. Collagen has also been used for 40 ^ lyethylette glyco , ^ glycerol; the stabilizing 
wound healing in conjunction with electneal currents ^ ^ selected from the group consisting of 
[Silver and Dunn, U.S. Pat No 4,937,323, issued Jun lactose mA ghicose; the drying enhancer is an 
26, 1990]. . alcohol selected from the group consisting of etbanol, 

In addition, membranes containing coflagen nave ^ j^^yi alcohol; and the buffer is a 

been used in the prior art. Abbenhansetal, Surg ; Forum 45 ^logical buffer. Preferred active ingredients 

16:477-478 (1965) disclosed collagen films of 2 to 3 £ m ^ g^ consisting of PDGF, EOF, 

millimeter thickness that were produced by hea^S « d FGF PDEGF? PD^ECGF, KGF, IGF1, IGF-2, 

dehydrating collagen extracted from cow hides Chu > BDNp C NTF, and NT-3., 

disclosed non-chemically crossunked collagen implants of ^ prcsent mven tion relates to a 

produced by compression, which are useful for sns- 50 enhancing wound healing of an epidermal 

mined drug delivery tEmc^n Paten * App^tKin uprising the administration of a wound beal - 

187014, published Jul. 9, 1986-, U S Pat No. efifcctive K amo it of an active ingredient via a coOa- 

?S?tf SflKJS »■ iSfSSSR sponge according to another aspect of 

^Pcf^ 55 present invention relate to a 

Jun 28, 1989], Cioca [U S Pat. No. 4,412,947 issued A^thex a^ of ft e pre* ^ ^ ^ 

Nov. 1, 1983], disclosed an essential y pure collagen ™Z the adniiiristration of a wound heal- 
sheet made by freeze drying a s^pen.ion o^gen ni —2^ 21 ingredient via a coila- 

No 4,642,1 18, issued Feb. 10, 1987], disclosed an arnfic- the present invention 

ial skin composed of two layers: collagen and a poly DESCRIPTION OF THE DRAWINGS 

alpha-ammo ac£ Berg et al. [U.S. patent t ^ a releaS e profile for PDGF from a dry 

S.fiSM^'SiSfaa: GS^llagenSponglinvitroshowingfirstorder 
21, 1990, disclosed a wound dressing consisting of less kinetics 



5,399,361 

3 4 

FIG . 3 shows the correlation of PDGF release as solvent content is essentially zero (e .g., drying time of 
measured by radioisotope, ELISA and PDGF bioassay. about an hour to about 10 days, preferably about one to 

FIG 4 shows a release profile for PDGF from a wet about five days). 
Gelfoam-Collagen Sponge in vitro To optimize desirable characteristics of a preferred 

FIG 5 shows a release profile for PDGF from a wet 5 collagen containing spocge, various additives may be 
Gelfoam-Collagen Sponge in vitro showing first order optionally included in the collagen solution. Such desir- 
kinetics. able characteristics include flexibility* stability, acceler- 

FIG 6 shows the correlation of PDGF release as ated drying time and a pH compatible with the active 
measured by a radioisotope, El ISA and PDGF bioas- ingredient to be utilized 

say- 10 To improve flexibility, a suitable plasticizer can be 

FIG. 7 shows a release profile in vitro for PDGF used Suitable plasticizers include polyethylene glycol 
from a Gelfoam Sponge without the presence of Coil a- and glycerol, preferably glycerol Such plasticizers can 
gen, be present in an amount from zero to about 100% of the 

FIG 8 shows a release profile in vivo for PDGF weight of collagen present, preferably from about 10 to 
from a Gelfoam-collagen system prepared with 1% 15 about 30% of the weight of collagen present, most prcf- 
collagen solution erably about 20% of the weight of collagen present 

FIG 9 shows a release profile in vivo for PDGF To improve the stability of the active ingredient, a 
from a Gelfoam-collagen system prepared with 8% suitable stabilizing agent can be used in the collagen 
collagen solution Suitable stabilizing agents include most sugars, prefera- 

FIG 10 shows experimental results obtained by using 20 bly mannitol, lactose, and glucose, more preferably 
the rat blood bundle model de mannitoL Such, stabilizing agents can be present in an 

DETAILED DESCRIPTION OF THF amount from zero to about 5% of the weight of colla- 

DEI AILEU^^C^IION OF THE gcn prcsentj preferably about 1% of the weight of colla- 

gen present 

The present invention relates to a collagen-containing 25 To accelerate drying time for the collagen, a drying 
sponge comprising an absorbable gelatin sponge, colla- enhancer can be used Suitable drying enhancers in- 
gen, and an active ingredient elude alcohols, preferably ethanol, methanol and iso- 

An appropriate absorbable gelatin sponge is cross- propyl alcohol, more preferably ethanol Such drying 
linked gelatin, for example Gelfoam (Upjohn, Inc t enhancers can be present in an amount from zero to 
Kalamzoo, Mich.), The absorbable gelatin sponge can 30 about 50% of the weight of the total solution or suspen- 
be combined with a collagen and active ingredient by sion, preferably from about 10 to about 30% of the 
soaking the absorbable gelatin sponge in a solution com- weight of the total solution or suspension, more prefcra - 
prising soluble collagen and active ingredient Alter- bly about 20% of the weight of the total solution or 
nately, a predetermined amount of a collagen solution suspension. 

can be transferred on top of the gelatin sponge, and the 35 To produce a pH that is compatible with a particular 
solution can be absorbed. active ingredient being used, a suitable bufFer can be 

Soluble collagen is collagen that has an average mo- used in the film Suitable buffers include most of the 
lecular weight of less than 400,000, preferably having a commonly known and utilized biological buffers, pref 
molecular weight of about 300,000. A particularly suit- erably acetate, phosphate and citrate, more preferably 
able soluble collagen is Semex S (Semcx Medical Co „ 40 acetate and phosphate. Such buffers can be present in an 
Malvern, Pa.) h This particular soluble collagen is also amount of from about 0 0136 to about 2% of the weight 
advantageous because it is the atelopeptide form of the of the collagen solution or suspension A compatible pH 
collagen Atelopeptide collagen is collagen that is free is one that maintains the stability of an active ingredient, 
of telopeptide, which is a peptide located at one end of optimizes its therapeutic effect or protects against its 
purified collagen often associated with immunogenic- 45 degradation. A suitable pH is generally from about 3 to 
ity A solution of the telopeptide form of collagen can about 8, preferably about 5 to about 8, and most prefcra- 
be converted to the atelopeptide form of collagen via bly about neutral pH of from about 7 0 to about 7 5 
hydrolysis using organic acid Another preferred char- Preferred active ingredients are those biological 
acteristic of the soluble collagen is that it possesses a agents which enhance wound healing or regeneration of 
minimal amount of crwKhnkmg > i.e., 0 5% or less. 50 nerve tissue, particularly recombinant proteins. Such 
The soluble collagen can be dissolved in a suitable preferred active ingredients include platelet derived 
solvent such as water to produce a solution that con- growth factor (PDGF), epidermal growth factor 
tains from about 0 5 to about 10% of collagen by (EGF), fibroblast growth factor (FGF), platelet de 
weight, preferably from about 1 to about 5% by weight, rived epidermal growth factor (FDEGF), platelet de- 
and more preferably about 2% by weight 55 rived endothelial cell growth factor (PD-ECGF) kerat- 

A solution of soluble collagen or a dispersion of colla- inocyte growth factor (KGF), insulin-like growth fac- 
gen fibrils in suspension is used to soak the absorbable tors 1 and 2 (IGF-1 and IGF-2), tumor necrosis factor 
gelatin sponge Typically, a suitable amount of the col- (TNF), brain derived neurotrophin factor (BDNF), 
lagen solution is transferred on top of the absorbable ciliary neurotrophic factor (CNTF) and neurotrophin-3 
gelatin sponge. In another case, the collagen solution is 60 (NT-3). A preferred active ingredient is PDGF or PD- 
poured into a container holding the gelatin sponge. ECGF, most preferably PDGF. Such active ingredients 
Suitable conditions include allowing the soaked sponge are present in an amount sufficient to enhance healing of 
to dry at a suitable temperature for a suitable period of a wound, L e t a wound healing effective amount, The 
time. Generally, the amount of drying time necessary is actual amount of the active ingredient will be deter- 
shorter as the drying temperature is raised, Specifically, 65 mined by the attending clinician and will depend on 
a suitable temperature is from about 15* C to 35* C various factors such as the severity of the wound, the 
preferably about room temperature, and a suitable dry* condition of the patient, the age of the patient and any 
ing time is sufficient time so that the marginal loss of collateral injuries or medical ailments possessed by the 
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natient Generally, the amount of active ingredient will radioactivity and confirmed using other methods such 

bS K atout 1 u-g/cm* to 5 mg/cm*. as ELISA and m*ywUm ^^f^^f^ 

m TcoteL sponges of Ihe present invention are and 2 and 4 and 5 show a typical release profile of 

useful as a means of delivering the active ingredient to PDGF from the wafers The release profile from toe 

cells or tissue with which it is in contact For example, 5 diy gel (FIGS, 1 and 2) system was verisimilar to that 

in the treatment of burns or other traumas to the skin, a Q f the wet gel (FIGS. 4 and 5) system where the release 

collagen-containing sponge can be placed on the wound $ta dy was peiformed immediately after the absorption 

to deliver a suitable active ingredient to the traumatized of th e collagen solution by the gelatin sponge. About 

area. PDGF is a particularly suitable active ingredient g0% 0 f growth factor was released in 100 hours, 

for such uses. Collagen containing sponges can also be io Da ta shown in FIGS. 3 and 6 indicate that the drying 

used to accelerate healing of surgical wounds. When proceSS does not change the activity of the growth 

used in such a way, the sponge can be placed in the factor 

surgical incision and stitched into the wound as an inter- FK} ? shows ^ re iease of PDGF from a Gelfoam 

face between the two surgical wound surfaces. Coila- sp0Dge without the presence of collagen .. In this study 

gen-containing sponges can also be used to deliver neu- 15 ^ feIease of PD GF from the Gelfoam was performed 

rotrophic factors. When used in such a manner, the Tq remove ^ bub ble$ trapped inside the membrane 

collagen staining sponge can be placed m direct whiJe soaking the membrane (thickness: 1 cm) in PDGF 

contact with or adjacent to the nerve tissue to be treated ^ membrane was soaked in water at reduced 

with the neurotrophic factor, pressure. The water soaked membrane was equilibrated 

EXAMPLES 20 in PDGF solution The release rate of PDGF was mea- 

ttyampt F 1 sured with Costar Transweil cells using m If&GT 

EXAMPLE 1 The release rate was very fast Most of the PDGF was 

Preparation of a Collageo-containing Sponge released in 12 hours. The results obtained from this 

A piece of gelatin sponge (Gelfoam ®:80X 250X10 25 study show the combination system of coHagen-Gel~ 

mm) was rolled out with a metal rod (diameter: 32 mm, foam provides for a steady, continuous andsustamed 

lcngth:130 mm),much like dough to make a thin sheet release of therapeutic agents over an extended penoo ot 

The resulting thickness of the sheet was 1 mm Wafers time, 

were cut out from the thin sheet with a brass punch, EXAMPLE 3 

Wafers with a large diameter (diameter: 18 mm, weight: ^ «.,,„■„, rtf p , rtt ^ n 

1 5 me) were cut for in vivo studies. Measurement Of the In Vivo Release Rate of Protein 

In one study, 0,24 ml or 0. 40 ml of the collagen sour From the Collagen containing Sponge System 

tion containing PDGF was pipetted on top of each A ^ rive Pre paration 

wafer . In another study, the wafers were soaked in a Young adult New Zealand White rabbits, weighing 

collagen solution The collagen solution contaming 35 3 0 to 3 5 kg each (M & K Rabbitry, 

PDGF was prepared as follows Farst^ a 4% coUagen ^ were ^thetized using Rompum® 

solution was prepared by dissolving 2 g ofa sohible ' B West Germany) as a sedative, 

collagen (Seme* S Seme*, Frazer, Pa)m 50 *d i of jfa- Uowed (10 imnut Jkter) by ketamine (60 mgAg) and 

tilled water at SO'-SO* C To 16 ml of the resulting g^^JJ^ both administered mtramuscularly 

solution, 0.13 ml of glycerol, 2 ml of alcohol, and 2 ml ^ ^^™f^U t was measured and recorded A 

of a PDGF solution (2 mg/ml acetate buffer) w^ ^ ^ l^c V l g was inserted into both ears of 

added. Additionally, a trace amount ^ } 2 ^?DGF ™S dter which the inner surface and outer 

were added to the solution. After the solution was ab- ^" ve d^ing an animal clipper 

sorbed by each wafer the wafer w^^vermguo f %^g h ^^ av 1lable Neet ® depilatory 

produce a sponge collagen system containing PDGF 45 f™™^ appHed ^ surf3 ce of each ear 

EXAMPLE 2 for 10 minutes, after which time it was removed with 

The measurements of release rates of active ingrcdi- ?< w o solution. The dermis of the inner surface 

ents from collagen-containine sponges were conducted 50 on one ear of each rabbit was blanched by infiltration of 

using Coster Transweil Cells ("Cell") (Costar Co, ^ ^ ft 2% xylocaine solution containing 1:1000 

Cambridge, Mass.) as follows Collagen-contmmng (this requires 1, 5 to 3.0 mis total volume) 

sponges with ^I-PDGF were produced as described m v v \ ^ ^ was then 

Example 1, and wafers (1.6 cm diameter) were cut from Jg, 3 cycle, of fcrtadine followed by the 70% 

the films. Each wafer was transferred to a Coster Tran- 55 Where necessary, the ear plugs were 

swell Cell and placed on top of the polycarbonate mem- ^ h 

tone. 25 ml of the <-°*«rt-*° (water -d^ Sethfn to a sterile surgical 

bovine serum albumin or water and j>.25% tamsa ^ ^ j^yj^d on a pfau- 

semm albumin) was added to the Cell holder The Cells r (Washington University Medical 

were set on the solution and the release study was 60 ^^J^gg f SeTvices> St . M o.) 

initiated. At specified 20 pi of the receiver soto- ^ch ^Xo bar c^ps. one at the tip and one at 

tion was pipetted out and the same amount of ' ta* £^ fceluk/s ear! o stabilize the rabbit ear 

solution was replaced m diei^.ver»Mo^ The «- blood supply The animal 

Calif.). The concentration of protein in the receiver to dry for 3 to 5 minutes 
solution at any given time was calculated based on the B Wounding 
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Sterile technique was employed throughout the system which was prepared with 8% collagen solution 

wounding procedure. Using microsurgical instruments, This solution was obtained by dissolving the soluble 

a 6 mm trephine, and a binocular microscope (lOx, collagen in distilled watei at 60° C About 73% of 

Zeiss), the surface of the inner ear of each rabbit was PDGF was released after 49 hours 

scored gently with a 6 mm biopsy punch, and the biopsy 5 

site cleared of all tissue and fibers (including the perios- fcXAMTLJi * 

real membrane) down to the Jevel of bare cartilage, Effect of Collagec-Containing Sponges on New Tissue 

using micro-surgical forceps tenotomy scissors, a blunt Growth as Measured by the Rat Blood Bundle Model 

edged 2 mm Lcmpen penosreal elevator, and Sterne ^ lcft tibialis 

cotton-tipped applicators PenchonOiium and overly- 10 ^ femoral arteriovenous bundle 

me tissues were removed by dissection, Biopsies in pw»™» ■» . n . . . , 

which the cartilage was completely cut through by the were dissected from the anlde up to the mgumal bga- 

punch were not Ld for experimental purposes How- Tne bundles were sandwiched bctwe^ two col- 

ever, partial thickness scores of the cartilage were con- disks! 6 cm m ten** fL^J^tZ 

sideredacceptable The location of any nicks or natural 15 spcKm-shaped silastic mold, Disks from Group A were 

holes in the cartilage was carefully noted and recorded based on collagen-Gelfoam systems Each disk in the 

(for reference on the harvest day) Blood was removed group contained about 125 ug of PDGF Disks from 

from the biopsy site with steiile, cotton-tipped applica- Group B were based on soluble co^gen^Each disk in 

tors, with care taken to avoid excess blood in the the group contained about 125 fig of PDGF Disks from 

wound. Each completed biopsy was covered with a 20 Group C were made of soluble collagen without any 

small piece of saline-soaked gauze Four viable 6 mm PDGF and therefore were used as controls All the 

biopsy ulcers were placed on each wounded ear, two on animals were sacrificed at day 30 The contents of the 

each side of the midUne (as defined by the fold in the ear molds were examined grossly and, with a digitizing 

when it was stabilized upon the board) In any event, no computer and 3-D reconstruction, were ejiamined his- 

more than 5 total biopsies were placed on each ear . The 25 tomorphometrically to determine the volume of tissue 

biopsies were positioned a minimum of 1 cm apart generated. 

Upon completion of one ear, the ear was covered FIG 10 shows the generation of new tissue volumes 

with saline moistened gauze and then taped shut around Q f three different groups. A substantial increase in new 

the gauze to retain moisture until application of PDGF tissue volume was observed in the animals treated with 

The second ear was then blanched, scrubbed, immobi- 30 the collagen -Gelfoam system containing 125 ug of 

lized and wounded in the manner as the first ear Blood PDGF In the previous experiments using a soluble 

was removed from the biopsy site of each second ear, collagen system with the same animal model, it was 

and each completed biopsy was covered with a small found that wafers based on soluble collagen containing 

piece of saline-soaked gauze. Upon completion of the PDGF increased the volume of new tissue significantly 

second ear, it was covered with saline-moistened gauze 35 a f ter implantation between day 10 and day 15. This was 

until application of PDGF Any rabbit that showed especially evident with high doses of PDGF (120 

evidence of recovery from anesthesia at any time prior ^g/wafer) The study also showed that 30 days after 

to this point in the procedure was reanesthetized with implantation, the new tissue regressed. The current 

25 mg/kg kctamine, administered intramuscularly experiments demonstrate that the collagen-Gelfoam 

C Application Of Active Ingredient to Wounds 40 system works wc n for ^ generation and/or raainte- 

Wafers prepared by the procedure of Example I were njmcc of ncw volume for several weeks 

used for in vivo drug release study Small wafers (diara- Wbat is Maimed is- 

eter: 5 mm) were used for this experiment Each wafer r A C0 Uagen <^ntaming sponge comprising an ab- 

was inserted in a wound site (diameter: 6 mm) and a stable, cross-linked gelatin sponge, soluble collagen, 

piece of Tagaderm ® was used to make sure that the 45 ^ & th uticalIy cfTec tive amount of an active 

wafer remained in the wound site, ingredient 

The rabbite were allowed to recover from anesthesia f coUagen^ntaining sponge according to claim 1 

under the observation of the ^nnmg ^ ^absorbable gelatin sponge is a crosslinked 

the surgery, Upon recovery, a plastic neck collar (Ca ... 

nee* to prev«t the n,bbU fro* d^pting the wouads ^ accord** to clahn 3 

Z^gSSZS^SZ?"" whe rf J plasty J&id ta. pW- 

D Measurement of the Protein Release from the CoUa- 55 glycol and glycerol^ 

gen containing Gelatin Sponge System r \ A collagen^ntammg sponge according to claim 3 

At selected times, several wafers were taken from the further comprising a stabilizing agent 

wound sites. New pieces of Tagaderm ® were used to * A couagen^ontammg sponge according to claim 5 

cover the wound sites where the wafers were removed , wherein said stabilizing agent is a sugar selected from 

The wafers were collected in test tubes When all the 60 *e group consisting of mannitol, lactose and glucose 

wafers were recovered, the radioactivity of each wafer 7. A coUagen-c<mtaining sponge accordmg to claim 5 

was counted. The amount of PDGF released at a given further comprising a drying enhancer 

time was calculated from the radioactivity of the re~ « A collagen-containing sponge according to claim 7 

maining wafer FIG 8 shows the release profile of wherein said drying enhancer is an alcohol selected 

PDGF from the collagen-Gelfoam system which was 65 from the group consisting of ethanol, methanol and 

prepared with 1% collagen solution. After 49 hours, isopropyl alcohol 

about 62% of PDGF was released FIG, 9 shows the 9. A collagen-containing sponge accordmg to claim 7 

release profile of PDGF from the collagen-Gelfoam further comprising a buffer 
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10 A caflagen- containing sponge according to claim 
1 wherein said active ingredient is selected from the 
group consisting of PDGF, EGF, FGF, PDEGF, PD 
ECGF, KGF, IGF-1, IGF-2, TNF, BDNF, CNTF, 
and NT-3 

U A collagen-containing sponge according to claim 
9 wherein said active ingredient is selected from the 
group consisting of PDGF, EGF, FGF, PDEGF, PD- 



10 



ECGF, KGF, IGF-1, IGF 2, TNF, BDNF, CNTF, 
and NT-3 

12. A collagen-containing sponge according to claim 

10 wherein said active ingredient is KGF 

13 A coUagen-containing sponge according to claim 

11 wherein said active ingredient is KGF 

♦ * * * * 
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